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^ABSTRACT
NANCY J. DANN.  Alternatives to the GSZ Land Disposal of
North Carolina's Hazardous Wastes.  (Under the direction of
DR. ALVIS G. TURNER)
The state of North Carolina is presently seeking
alternatives to land disposal for a number of hazardous
wastes that are shipped to the GSZ landfill in Pinewood,
South Carolina.  The n\iinber of restrictions placed on land
disposal of hazardous waste is growing and costs are
escalating.  The quantity of wastes shipped can be
significantly reduced through the implementation of waste
minimization technologies and through on-site and off-site
hazardous waste treatment.
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I.  INTRODUCTION
The State of North Carolina is seeking alternatives for
a niimber of hazardous wastes that are presently being
disposed of in the GSX secure landfill in Pinewood, South
Carolina. Despite the fact that land disposal of untreated
hazardous waste may contaminate surface and groundwaters,
this technology is still widely used primarily due to its
low cost.  Several options are available for at least
reducing, if not eliminating, the volume and toxicity of
wastes being disposed of in landfills.  Although some of the
generator's continued reliance on land disposal may be based
on economics, some of it is simply due to a lack of
exploration of viaJDle alternatives.  Currently, the cost of
many treatment technologies exceeds the cost of land
disposal, however, with the perpetual increase in land
disposal costs and the continuing technological improvements
being made in waste treatment, the use of landfills is
expected to diminish.  There are now a number of cost
effective hazardous waste treatment and reduction
technologies readily available that may be employed by North
Carolina generators instead of land disposal.
Both Federal and State governments have passed
legislation to control hazardous waste disposal.  The U.S.
ͣ 2
Environmental Protection Agency authorizes states to manage
their own wastes provided that state regulations are at
least as strict as that of the Federal government. However,
because of the Hardison Amendment, North Carolina
legislation may not be any more strict than that of the
Federal government.
Since the initial passage of the Resource Conservation
and Recovery Act in 1976 (P.L. 94-580), ajnendments have been
added to restrict the land disposal of certain hazardous
wastes.  These ajnendments include:
The placement of bulk or noncontainerized
hazardous waste or free liquids contained in
hazardous waste (whether or not absorbents have
been added) in any landfill is prohibited (5/8/84).
Prohibitions on land disposal of specified wastes
(7/8/84):
(A) Liquid hazardous wastes, including free
liquids associated with any solid or sludge,
containing free cyanides at concentrations
greater than or equal to 1,000 mg/1.
(B) Liquid hazardous wastes, including free
liquids associated with any solid or sludge,
containing the following metals (or elements)
or compounds of these metals (or elements) at
concentrations greater than or equal to those
specified below:
(i)   arsenic and/or compounds (as As) 500
mg/1;
(ii)  cadmium and/or compounds (as Cd) 100
mg/1;
(iii) chromitim (VI and/or compounds (as Cr
VI) 500 mg/1;
(iv)  lead and/or compounds (as Pb) 500 mg/1;
(v)   mercury and/or compounds (as Hg) 20
mg/1;
(vi)  nickel and/or compounds (as Ni) 134
mg/1;
(vii)  selenium and/or compounds (as Se) 100
mg/1;
(viii) thallium and/or compounds (as Th) 130
mg/1;
(C) Liquid hazardous waste having a pH less than
or equal to two, (2.0).
(D) Hazardous wastes containing halogenated
organic compounds in total concentration
greater than or equal to 1,000 mg/kg, (delayed
until 7/8/87; effective in California as of
1/1/85).
Prohibited land disposal of certain solvents and
dioxins:
(A) those hazarodus wastes numbered FOOl (spenthalogenated solvents used in degreasing), F002
(spent halogenated solvents), F003 (spent non-
halogenated solvents), F004 (spent non-
halogenated solvents), and F005 (spent non-
halogenated solvents), in regulations
promulgated by the Administrator under section
3001 (40 C.F.R. 261.31 (July 1, 1983)), as
those regulations became effective September
8, 1986.
(B) dioxin-containing hazardous wastes numberedF020 (wastes from the production of tri- or
tetrachlorophenol), F021 (wastes from the
production of pentachlorophenol), F022 (wastes
from the manufacturing use of tetra-, penta-,
or hexachlorobenzenes), F023 (wastes from the
production of materials on equipment used for
the production of tri- and
tetrachlorophenols), F026 (wastes from the
production of materials on equipment
previously used for the manufacturing use of
tetra-, penta-, or hexachlorobenzene) and F027
(discarded unused formulations containing
compounds derived from these chlorophenols),
(as referred to in the proposed rule piiblished
by the Administrator in the Federal Register
for April 4, 1983), (delayed until 11/8/88
because of lack of availeible treatment
capacity).
The 1984 ajnendments to RCRA also specify that "the
generator of the hazardous waste has a program in place to
reduce that volume and toxicity of such waste to the degree
determined by the generator to be economically
practicable;..."  Although biennial reports, which include
descriptions of such waste minimization efforts, are
required, enforcement is difficult.
While many of the hazardous wastes now banned from
landfills present the greatest potential threat to human
health and the environment, all wastes disposed of in a
landfill pose some threat.  Landfill siting is a difficult
process which is becoming more difficult all of the time.
Sites must meet certain geological requirements to minimize
potential groundwater contajnination problems that could
result from a leak in the landfill liner. Although
landfills are sited away from groundwater aquifers used for
drinking water, and are doTible7lined with a leachate
collection and leak detection system, the potential for
groundwater contamination still exists.  Even though
considerable research has been done, purification of
contaminated groundwater remains difficult and costly.  In
addition to potential groundwater contamination,
possibilities also exist for the escape of volatile
contaminants into the air and runoff of waste into surface
water.  Like groundwater contamination, air pollution and
surface water contamination are difficult to rectify.  Even
if the risk of water or air pollution were to approach zero,
and a large nuinber of geologically appropriate sites were
availaJale, the number of communities willing to accept these
sites would remain low and compensation would be high.  It
is not only technology, but the human factor as well, that
renders landfills an uncertain option.  Moreover, because
many of these hazardous chemicals are likely to remain tozic
for an indefinite period of time, the risk to the
environment and hoiman health should be reduced to an
acceptsLble level.
The best solution to memaging hazaxdous waste is to
reduce the generation of that waste.  Waste reduction, often
referred to as waste minimization, includes the following
processes, either alone or in combination: process
modification, material substitution, waste stream separation
and resource recovery.
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Figure 1.1 Waste Management Options fReducing Hazardous
Waste Generation. National Academy of Sciences, 1985).
Although many hazardous wastes can be controlled at the
source, there are many waste streams for which an
economically feasible method of reduction has yet to be
developed. Most hazardous wastes can be treated physically,
chemically, biologically, or thermally to reduce both the
volume and tonicity.  There is always some residual waste
remaining after treatment which will require disposal, i.e.
ashes, sludges and metals. These wastes may be disposed of
in a secure landfill, surface impoundment, waste pile or
landfarm.  Surface impoundments and waste piles are subject
to stricter regulations, and are consequently used less
often than in the past.  Landfarming is only suitable for
limited types of hazardous waste.  Escalating costs, due to
stricter construction requirements and higher insurance
costs, are pushing treatment options rather than secure
landfill disposal. ,
This investigation examines the use of specific waste
minimization and treatment technologies which are currently
available for managing North Carolina's hazardous waste that
is shipped to the GSX landfill in Pinewood, South Carolina.
II.  LAND DISPOSAL OF NORTH CAROLINA HAZARDOUS WASTE
The hazardous waste shipped to the GSX landfill in
Pinewood, South Carolina in 1985 exceeded that shipped in
1984 by 960,642 pounds (Ta±»le 2.1 and 2.2).  This difference
was primarily due to 817,320 pounds of cosmetic sludge
(F003, non-halogenated solvents) generated by Ma^ Factor and
Company (Granville County).  While Ma^ Factor and Company
did ship some F003 wastes off-site in 1984, these wastes
were neither shipped to GSX nor classified as cosmetic
sludge.  However, in 1984, Max Factor and Company did
generate a large quantity (834,873 pounds) of F003 wastes
that were shipped to other facilities.  These wastes
included:  butyl acetate, ethyl alcohol, hydroalcohol and
1,1,1 trichloroethylene.
Due to the cosmetic sludge, F003 wastes far exceeded any
other tjrpe of waste sent to GSX in 1985.  These wastes
comprised 57.3% of the total.  In 1984, the quantity of FOOl
wastes slightly exceeded the F003 wastes, comprising 22.6%
and 21.5% of the total respectively (Figure 2.1).
FOOl wastes, which comprised the greatest percentage of
wastes in 1984 were not in the top eleven categories in
1985.  In 1984, GTE Products Corporation (Robeson County),
shipped 70,000 pounds of 1,1,1 trichloroethylene (FOOl) to
Table 2.1
North Carolina Hazardous Waste Shipped to
GSX Landfill in South Carolina in 1984
Waste Code
FOOl
F003
D002
DOOl
F019
D007
F002
FOll
F006
D008
D005
D003
U048
U044
U188
F005
U057
U080
DOOO
U226
D016
U050
D009
U120
U018
Lbs. Shipped
111883
106498
79186
44869
39000
35424
20767
17515
13400
6690
6413
2875
2365
2350
2300
931
858
672
456
224
200
140
98
80
60
D total  176211 (IgnitaJjle, reactive, corrosive,
metals, pesticides)
F total  309994 (Halogenated and nonhalogenated
solvents, electroplating sludges,
cyanides)
U total 9049 (acute toxic wastes)
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Table 2.2  Continued
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D  Total     258.353 pounds
F Total  1,187,503 pounds
K Total
P Total
U Total
2,900 pounds
499 pounds
3,245 pounds
(IgnitaJale, reactive,
corrosive, metals and
pesticides)
(Halogenated and non-
halogenated solvents)
(Hazardous, waste from
specific sources)
(Acute Hazardous Waste)
(Acute Toxic Wastes)
Figure 2.1  North Carolina Hazardous Waste Shipped to theGSX landfill in South Carolina in 1984
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GSX.  GTE Products Corporation did not ship any wastes to
the GSX landfill in 1985.  The other large generator of FOOl
wastes in 1984 was Kimberly-Clark Corporation (Henderson
County).  They shipped 16,500 pounds of wastes including
1,1.1 tricliloroethylene. Kimberly Clark Corporation
significantly reduced the quantity of 1,1, trichloroethylene
Shipped in 1985 to only 525 pounds.
In 1985, F002 wastes comprised the second largest volume
of POOS wastes, totalling 147,179 pounds or 10.1% of the
total (Table 2.2).  Much of this waste (92,000 pounds) was
freon/IPA generated by N.T.I. Digital Switching Facility
(Durham County).  In 1984, P002 wastes fell much lower in
the ranking (seventh) totalling only 20,767 pounds or 4.2%
of the total waste shipped.  N.T.I. Digital Switching
Facility did not ship any F002 or any other wastes to the
GSX landfill in 1984.
In 1985, nineteen generators shipped DOOl wastes to the
GSX landfill (Figure 2.2).  Two generators produced unique
wastestreams exceeding 10,000 pounds.  They were:  Vicks
Manufacturing (Guilford County), 19,333 pounds of waste
drugs and 17,135 pounds of ethyl alcohol and International
Jenson, Inc. (Robeson County), 11,330 pounds of hazardous
waste.
In 1985, DOOl wastes accounted for one-third of the
total waste, 127,524 pounds or 87.4%.  In 1984, DOOl wastes
totalled only one-third of the quantity shipped in 1985.
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Although ranked fourth,these wastes weighed only 44.869
pounds or 9.1% of the total.
Three generators of DOOl wastes, in addition to those
listed above, shipped over 10,000 pounds of waste to the GSX
landfill.  They were:  Kimberly-Clark Corporation (Henderson
County), 11,000 pounds of petroleum. International Jenson,
Inc. (Robeson County), 10,810 pounds of thinning liquid,
waste solvents, waste liquid and solids. Miller Brewing
Company Container Division (Robeson County), 13,220 pounds
of flammable liquids, wastes paint, combustible liquid and
flaimmable solids.
D002 wastes ranked third in 1984 and fifth in 1985 with
totals of 67,006 pounds or 4.6% of the total and 79,156
pounds of 16.0% of the total respectively.  The majority of
the D002 waste in 1984 was 42,7000 pounds of washer waste
shipped by Perfection Hy-Test (Alamance County).  Another
large generator of D002 wastes in 1984 was Cleanses
Corporation (Cleveland County).  They shipped 13,200 pounds
of orthochlorophenol. Although Perfection Hy-Test did not
ship any washer waste to GSX in 1985, they did ship 5200
pounds of sodium hydroxide. Cleanses Corporation did not
ship any D002 waste to GSX in 1985.  The only generator to
produce a single D002 wastestream exceeding 10,000 pounds in
1985 was Technibilt Division of Whittar Ind. Ltd. (New
Hanover County), 23,100 pounds of waste acid. They also
shipped 7350 pounds of sulfuric acid.  Brin-Mont Chemicals
14
Inc. (Guilford County) shipped 9970 pounds of corrosive
liquid in 1985.
P019 wastes ranked fifth in 1984, 39,000 pounds or 78.7%
of the total and fourth in 1985, 83750 pounds, or 57.6% of
the total.  In 1984, all of this F019 was produced by one
generator, Beta Systems Division (Rockingham County) and
classified as sludge chemicals.  In 1985, there was one
other generator in addition to Beta Systems Division. Beta
Systems Division generated 26,400 pounds of wastewater and
OMB-Burnsville (Yancey County) generated 57,350 pounds of
chromate sludge.
Exclusive of the large quantity of cosmetic sludge
generated by Ma^ Factor and Company in 1985, the total
quantity of waste shipped to the GSX landfill did not change
significantly.  Aside from the fact that FOOl wastes were
major wastes shipped to GSX in 1984, this category fell to
number sixteen in 1985.  The overall waste composition also
did not change significantly from year to year.  Unfortu¬
nately, the 1986 wastes are not yet available.
Beginning November 8, 1986, the wastestream composition
shipped to any landfill, not just GSX, changed dramatically
due to the banning of F001-F005 wastes from landfills (Table
2.3).  These wastes must be treated before the residuals can
be placed in a landfill.
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Table 2.3
Quantities of Nortli Carolina Hazardous Waste Landfilled
in 1985 by GSX Banned from Future Land Disposal
Waste NTimJPer Lbs, shipped
FOOl 2,957
F002 147,179
F003 833,976
F005 58,617
TOTAL 1,047,729
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Table 2.4
EPA Classification of Wastes Shipped to
GSX in 1984 and 1985
Waste Number
FOOl
Hazardous Waste
F002
F003
F005
F006
The following spent halogenated
solvents:  tetrachloroehtylene,
trichloroethylen, methylen chloride,
1,1,l-triohloroethane. carbon
tetrachloride, and chlorinated
fluorocarbons; and sludges from the
recovery of these solvents in degreasing
operations.
The following spent halogenated
solvents:  tetrachloroehtylene,
methylene chloride, trichloroethylene,
1,1,l-trichloroethane, chlorobenzene,
1,1,2-triGhloro-l,2,2-trifluoroethane,
ortho-dichlorobenzene, and
trichlorofluoromethane; and the still
bottoms from the recovery of these
solvents.
The following spent non-halogenated
solvents;  xylene, acetone, ethyl
acetate, ethyl benzene, ethyl ether,
methyl isobutyl ketone, n-butyl alcohol,
cyclohexanone, and methanol; and the
still bottoms from the recovery of these
solvents.
The following spent non-halogenated
solvents:  toluene, methyl ethyl ketone,
carbon disulfide, isobutanol, and
pyridine; and the still bottoms from the
recovery of these solvents.
Wastewater treatment sludges from
electroplating operations except from
the following processes:  (1) sulfuric
acid anodizing of aliiminum; (2) tin
plating on carbon steel; (3) zinc
plating (segregated basis) on carbon
steel; (5) cleaning/stripping associated
with tin, zinc and aluminum plating on
carbon steel; and (6) chemical etching
and milling of aluminvim.
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Table 2.4 continued
P007
FOll
F019
KOOl
POOS
P006
P030
P106
U003
U012
U015
U037
U044
U048
U050
U057
U067
U070
U077
Spent cyanide plating bath solutionsfrom electroplating operations (exceptfor precious metals electroplating spentcyanide plating bath solutions).
Spent cyanide solutions from salt bathpot cleaning from metal heat treatingoperations (except for precios metalsheat treating spent cyanide solutionsfrom salt bath pot cleaning).
Wastewater treatment sludges from thechemical conversion coating of aluminiim.
Bottom sediment sludge from thetreatment of wastewaters from woodpreserving processes that use creosoteand/or pentachlorophenol.
Acrolein
Aluminum phosphide
Cyanides (soluble cyanide salts), not
elsewhere specified.
Sodium cyanide
Acetonitrile
Aniline
1,2-Benzanthracene
Chlorobenzene
Chloroform
O-chlorophenol
Chrysene
Cyclohexane (1)
Ethylene dibromide
O-dichlorobenzene
1,2-dichloroethane
Table 2.4 continued
18
U080
U120
U133
U161
U165
U188
U190
U191
U226
U233
Methane, dichloro
Benzo[j,k]fluorene
Hydrazine
Methyl isobutyl ketone
Naphthalene
Phenol
Phthalio anhydride
2-Picoline
Methylohloroform
2,4,5-TrichlorophenoxypropioniG acid
alpha, alpha, alpha-Trichlorotoluene
Hazardous Wastes Not Elsewhere Classified
Waste Number Hazardous Waste_____
DOOO Not elsewhere classified
DOOl Ignitable
D002 Corrosive
D003 Reactive
19
Table 2.4  continued
Wastes Exceeding the Maximum Concentration of
Contaminants for Characteristic of EP Toxicity
MSLXimum
Concentration
Cmilligrams per liter
100.00
5.0
5.0
0.2
1.0
5.0
0.4
Waste Number Contaminant
D005 Barium
D007 Chromium
D008 Lead
D009 Mercury
DOlO Selenium
DOll Silver
D013 Lindane
(1,2,3,4,5,6,-hexa-
chlorocyclohexane,
gamma isomer.
D016 2.4-D,
(2,4-Dichlorophenoxy
acetic acid).
10.0
III.  WASTE MINIMIZATION
Waste minimization is the most important strategy in
hazardous waste management.  Reducing waste generated at the
source not only eliminates transportation and disposal costs
but also eliminates future generator liability.
Furthermore, on-site waste reduction may reduce raw material
costs through on-site material recycling.  Numerous
possibilities are readily availaJjle within a number of
industries to reduce hazardous waste generation.  As the
following examples demonstrate, solvent waste can be
significantly reduced, as well as other types of waste found
within the electroplating, painting and printing industries.
SOLVENT WASTES
In 1985, solvents constituted the largest percentage of
North Carolina hazardous wastes sent to the GSX landfill in
Pinewood, South Carolina (Report #H85RPT27, North Carolina
Solid and Hazardous Waste Management Branch, 1985).  A
literal definition of a solvent would include any substance
capable of dissolving another substance, including water.
Industry has restricted the meaning of the term to include
only organic dissolving agents. Due to the classification
21
Hazardous Waste
Generated
Liability
Least
Change Process
Eliminate Hazardous
Waste Generation
Recycle in Plant
Recycle Out of Plant
Burn as Fuel in
Plant
Burn as Fuel Out
of Plant
Incinerate---Ash is
a Hazardous Waste
Greatest
Solidify and Bury
No Waste
Minimum Waste
No Transportation Hazard
Minimvim Waste
Transportation Hazard
No Waste
No Waste
Transportation Hazard
Some Waste
Transportation Hazard
Figure3»l0ptions for Managing Waste Solvents (Managing and Recycling
Solvents: N.C. Practices, Facilities, and Regulations. J. Kohl et al,
Industrial  Extension Service, N.C. State University, 1984).
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scheme used by the EPA for identifying hazardous waste, the
exact quantity of solvent waste produced in North Carolina
is not known.  However, approximately one million pounds of
solvent waste were disposed in the GSX landfill in 1985.
RCRA amendments have forbidden the disposal of solvent
wastes, F001-F005, in secure landfills since November 8,
1986 (Federal Register, Part 40, 1984). However, because
these wastes still represent such a large portion (24
million pounds of waste in 1984 and 29 million pounds of
waste in 1985 were shipped off-site in North Carolina) of
the wastes requiring off-site treatment or disposal,
methodologies for the reduction of these wastes are needed
(Figure 3.1).
Solvents serve two major purposes in industry — as a
component in the production of a final product and as a
degreasing agent.  Solvents are widely used in the
application of paints, inks and adhesives.  Approximately
60-80% of the solvent evaporates in the process.  Large
industries may have on-site recovery or incineration
facilities for managing spent solvents. Emission controls
are used to reduce emissions that present environmental and
occupational hazards.  Escalating solvent and disposal costs
have forced generators to consider solvent recycling.
Printing facilities, in the past, were generally too small
to have on-site treatment.  New equipment has been developed
which makes on-site solvent waste reduction affordable even
to small laboratories.  The manufacture of solvent-based
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paints, inks and adhesives can be reduced and water-based or
powder coating can replace the solvents in these materials
(Cajnpbell and Glenn, 1982).
Solvents are used to clean equipment in the
manufacturing process.  In the automobile, appliance, and
furniture industries, solvents are used to remove the
protective grease layer prior to assembly or painting.
Generally, solvents used in degreasing need not be of the
same level of purity as those solvents used in product
formulation.  In fact, reclaimed solvents, which are often a
mixture of several solvents, may clean better than a pure
sample of any of the components.  For exajnple, the
electronics industry generally requires solvents of a higher
level of purity than other industries to clean equipment.
However, the spent solvents from the electronics industry
may be suitaJble to degrease equipment in other industries.
Some or all of the 92,000 pounds of waste Freon/IPA, (F002),
generated by NTI Digital Switching Facility, (Durham
County), may be of use to other industries in North
Carolina, particularly as a degreasing agent (North Carolina
Solid and Hazardous Waste Management Report #H85RTP27;
Campbell and Glenn, 1982).
Because of the volatility of solvents, large quantities
of it are lost to the atmosphere.  Solvent waste reduction
must begin with a mass-balance which accounts for the
solvent coming into the plant and the spent solvent leaving
the plant.  This should be followed by identifying all
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points of solvent loss.  Some of these losses occur before
the solvent is used, for example, from storage or pipes, or
more specifically, through pvunp seals.
Changing from fixed roof tanks to floating roof tanks
reduces solvent loss during storage (Sarokin, Muir, Miller
and Sperber, 1985).  A floating roof is a cover the rests on
the surface of the liquid being stored in the tank to reduce
vapor loss.  Exxon Chemical Americas in Linden, New Jersey,
installed floating roofs in sixteen tanks of some of the
most volatile chemicals used at the plant including:
acetone, methyl ethyl ketone, methyl isobutyl ketone, and
alcohols. Many of the floating roofs saved enough material
to pay for themselves in one year (Sarokin, Muir, Miller and
Sperber, 1985).  Some North Carolina generators of these
wastes who might benefit from floating roof tanks include:
Kimberly Clark Corporation (Henderson County) (acetone, 1000
pounds), Vicks Manufacturing (Guilford County) (ethyl
alcohol, 17,135 pounds; isopropanol, 5013 pounds), and NTI
Digital Switching Facility (Durham County) (water methanol,
5000 pounds).
Small quantities of solvent may not warrant the
installation of floating roof tanks.  Conservation vents may
be installed at less cost and still reduce solvent loss.
These release a tank's accumulating vapors less freely and
continuously than do old standard vents that were routinely
installed as part of large storage tanks and process
equipment (Sarokin, Muir, Miller and Sperber, 1985).  N.C.
J'^0^^?f^^ffi'^'-'
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generators of smaller quantities of volatile solvents
include:  Miller Brewing Company Container Division
(Rockingham County) ('2-butanol, 440 pounds; water/butyl,
2813 pounds; water isopropyl, 455 pounds; trimethyl, 455
pounds; methyl, 455 pounds), Kimberly-Clark Corporation
(Henderson County) (1,1,l-trichloroethane, 525 pounds),
Owens-Illinois Incorporated (Richmond County) (1,1,1-
trichloroethane, 552 pounds), and General Electric Company
(New Hanover County) (1,1,1-thioxanthones, 534 pounds).
There are numerous other North Carolina generators of spent
solvents (see section 2, F001-F005 and DOOl wastes).
Solvent loss also occurs through pump seals.  Stauffer
Chemical Company in Richmond, California made an equipment
change which virtually eliminated leeiks and resulted in a
reduction in raw material loss of 2600 gallons per year atnd
a net savings of $37,000 (Sarokin, Muir, Miller and Sperber,
1985).  Pumps seals separate the liquid in the pumps from
the pump mechanism.  Stauffer switched from "packed seals"
(contain densely packed material such as graphite and
synthetic fibers and are prone to leaking), to "mechanical
seals" (rotating elements which virtually eliminate leeiks).
All of the FOOl wastes generated in 1985, totaling six
million pounds (five million pounds shipped off-site, 2957
pounds shipped to the GSZ landfill), results from degreasing
operations.  Solvents are used to remove grease, oil and
dirt from materials such as glass, plastic and textile
objects.  Industries which generate these wastes include:
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automobile, electronics, appliance and metal working,
printing, chemical and plastics industry.  In North
Carolina, the industries that shipped FOOl wastes for
lamdfill disposal include:  a manufacturer of synthetic
organic fibers (Celanese Fiber Operations, Ciimberland
County), a manufacturer of surgical and medical instruments
and apparatus (Week Edward and Company Incorporated, Durham
County), a manufacturer of pharmaceutical preparations
(Burroughs Wellcome Company, Durham County), a manufacturer
of textile goods (Kimberly-Clark Corporation, Henderson
County), a manufacturer of nitrogenous fertilizers (ICI
American Incorporated, Wayne County) and a manufacturer of
plastics products (Owens-Illinois Incorporated, Richmond
County).  Solvents commonly used in degreasing include:
trichloroethylene, 1,1,l-trichloroethane, perchloroethylene,
methylene chloride, trichlorotrifluoroethane and stoddard
solvent.
There are two types of degreasing — room temperature
degreasing, otherwise known as cold cleaning, and vapor
degreasing.  With cold cleaning the solvent is at room
temperature and is sprayed, flushed or allowed to completely
immerse the items to be cleaned.  With vapor degreasing, the
solvent is heated to its boiling point and the objects to be
cleaned are immersed in the vapor.  Vapor degreasing is more
effective than cold cleaning, especially for difficult to
reach areas; however, it is more expensive.  Degreasing can
be done as a batch or continuous process.  Continuous
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processes are done along a conveyor belt; batch processes
are done in an open top degreaser.  Cold cleaning results in
the least amount of solvent loss.  Open-top vapor degreasers
lose ten to twenty times as much solvent as cold cleaning
(Campbell and Glenn, 1982).  However, conveyorized
degreasers, which use solvent spray or vapor, release twice
the amount of solvent as open-top vapor degreasers (Figure
3.2 and 3.3).
Solvent loss can be minimized by using vapor degreasing
for only those objects that cannot be cleaned with cold
cleaning.  When not in use, open-tanks should be covered.
This may be obvious, but is rarely done and can lead to a
reduction in solvent loss of 25-50%.  Increasing the
freeboard height from the accepted level of one-half the
width of the tank to three-quarters the width of the tank
will lead to a reduction in solvent loss by at least 25%
(Gerstle, 1978).
A second set of condensing coils, known as chillers, can
be installed above the vapor cleaning zone and will result
in up to a 40% reduction in solvent loss (Gerstle, 1978).
Chillers create a cold blanket above the vapor zone and
consequently, condense much of the escaping solvent vapor
(Figure 3.4).  With very large or extensively used
degreasers, it may be more economical to install a solvent
recovery system than to install a chiller.  With the use of
a blower, the solvent-laden air eibove the degreaser tank is
directed through an activated carbon filter and recirculated
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Figure    3.2
Open-Top Vapour Degreaser
Open-top vapour degreasers are responsible for emitting large amounts
of solvents unless special emission control systems are employed. The
majority of degreasers in use are open-top vapour degreasing uni^.Source: Controlling Pollution fmm the Manufacturing and Coating of Metal Products,  Vol. 2,   U.S.
Environmental Protection Agency, 1977.
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Figure 3.3
Conveyonzed Degreaser
in a conveyorized degreaser, the objects to be cleaned are pasxd
through a solvent spray or solvent vapour. Conveyorized degreasers
result in twice ttie solvent loss as open-top units.Source: Controlling Pollution from the Manufacturing and Coating of Metal Products, Vol. 2,   U.S.
Environrnental Protection Agency, 1977.
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Figure 3.^
Open-Top Degreaser with Chiller
By retrofitting an open-top vapour degreaser with a second set of
condensing coils, a cold blanket of air is created above the vapour zone,
preventing the escape of solvent vapours.Source: Controlling Pollution from the Manufacturing and  Coating of Metal Products,   Vol.  2,   U.S.
Environmental P'otection Agency, 1977.
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Figure  3 • 5
Vapour Degreaser with Solvent
Recycling System
A closed-loop forced air system causes most of the solvent-laden air
above the degreaser to enter the solvent recovery unit. Solvent is
removed from the solvent-laden air and returned to the degreaser. The
solvent-free air is recirculated above the degreasing tank.
Source: "Meeting Regulations by Saving Money in Vapour Degreasing," Industrial Finishing, November 1981.
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back over the degreasing tank.  The solvent can be stripped
from the carbon and reused in the degreasing tank.  Removal
of the solvent from the activated carbon is known as
desorption. Desorption is usually done with low pressure
steam; however, other methods include:  a solvent that will
remove the adsorbate; acidic or caustic wash and removal of
carbon from the bed followed by thermal activation of the
carbon at 1000°C; and indirect heating with a nitrogen purge
(Roobol, 1981).  Steam is most commonly used because it is
relatively inexpensive, inert and easily condensed back to a
liquid (Figure 3.5).  The solvents from the recovered liquid
may be separated from the water and the other contaminants
by either decanting or distillation.  Recovery can be done
either on-site or off-site, depending on the volume and
facilities availaJale.
Although it is a relatively new technology, nitrogen-
based solvent recovery can eliminate the use of an activated
carbon filter (Campbell and Glenn, 1982).  By replacing the
ordinary air above the solvent with inert nitrogen gas,
solvent vapor to be safely concentrated to much higher
levels.  The solvent is recovered by condensation.  Solvent
recovery approaches 99%. Energy is saved because the warm
air from the oven need not be exhausted but is instead
cooled by multiple heat exchanges.  Although nitrogen-based
solvent recovery is feasible for both new installations and
retrofits, the substantial capital investment has limited
its use to larger businesses.  Payback periods have been
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estimated at up to two years, depending on the cost of the
solvent (Rieman, 1981, Figure 3.6).  For medium and smaller
businesses, affordable distillation units that treat up to
four litres of solvent per hour have been developed.  These
units are ideal for leiboratories.  Travenol Laboratories
(McDowell County) sent 450 pounds of laJs packs to the GSX
landfill in 1985, and might benefit from such a unit.  B/R
Instrument Corporation in Pasadena, Maryland has developed
an on-site distillation column that processes up to four
liters (approximately 8.8 pounds) per hour of solvents
(Campbell and Glenn, 1982).  It can be used for xylene,
chloroform, isopropyl alcohol, methanol, hexane, toluene,
methylene chloride, freon, acetone, coal tar, acetonitrile
and others.
Two other producers of small distillation units are
Brighton Corporation (Cincinnati, Ohio), and the Finish
Engineering Company Inc. (Erie, Pennsylvania).  The Brighton
Corporation unit will recover up to seven gallons
(approximately 58.3 pounds) of solvent per hour (Cajnpbell
and Glenn, 1982).  The unit produced by the Finish
Engineering Company Inc., called the Fin-E-Co Little Still,
comes in a variety of sizes (Campbell and Glenn, 1982).  It
reclaims solvents such as methylene chloride, acetone, MEK,
toluene, xylene and others with a boiling point of 160 or
less. Recovery levels range between 80 and 95%, depending
on the amount and type of contamination. On-site
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Figure   3-6
Nitrogen-Based Solvent Recycling
System
With an inert nitrogen atmosphere, solvent vapour can be safely
concentrated to well above traditional oven levels, at which levels the
solvent is recoverable by condensation. The oven exhaust is cooled with
multiple heat-exchange stages. Solvent recovery reaches 99% efficiency.
Source: "Solvent Recovery System Saves Costs and Cleans Air," Chemical Engineering, March 10, 1980.
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distillation and reuse of contaminated solvents will reduce
the eumount of solvent requiring treatment or disposal.
These waste reduction practices are directed towards a
reduction in solvent loss through vaporization, and a
subsequent decrease in volatile emissions.  However, some
reduction in hazardous solid waste may occur concurrently.
For example, condensation of solvent vapors that are not
recycled requires some form of disposal.  Even if solid
waste reduction does not ensue, it is important to note that
ideally all waste streams should be evaluated in order to
have an effective waste management system.  Restricting
evaluation to air, water or solid waste streams alone will
not, in all likelihood, lead to the most effective
management system (TaJsle 3.1).
PAINT WASTES
In 1985, industries in North Carolina produced 56,981
pounds of waste paint that was ultimately disposed in the
secure landfill in Pinewood, South Carolina.  An additional
6,861 pounds of paint thinner and paint reducer and another
1600 pounds of scrap varnish was also disposed in this
manner.  All of this waste resulted from the actual painting
process rather than the production of paints.
Although the potential health and environmental hazards
from paint are not completely know due to the wide variety
of compounds produced from the various combinations of
pigments, solvents, resins, fungicides and other additives.
34
Table 3.1
Limitations, Liability and Economics of Waste Solvent Options*
Option
Change process to
eliminate or
minimize waste
Recycle in-plant
Limitations
Process and management
must be amenable to
change
Capital for equipment,
operating and main¬
tenance headaches and
costs
Liability
Eliminated or reduced
Eliminate transporta¬
tion, reduce disposal
problem to sludge
Economics
Depends on
particular
situation
Depends on volume
and value of
solvent
Recycle out-of-
plant
Burn as fuel
Limitations on water,
halogens, mixtures
Need minimum fuel value
8,000-9,000 BTU/pound
limitations on metals,
ash, halogens, sulfur,
nitrogen
Transportation,
failure of recycler,
backfire on sludge
Transportation and
failure of
purchaser (minimal)
"Service charge"
ranges from $.60-
$.80/gal with no
fractionation or
dehydration
Cost range
$.00-1.00/gal
Incinerate N.C. cooroercial incin¬
eration firms limited
on halogens - not so
for Rollins or SCA
Transportation, ash
and failure of
purchaser (minimal)
Low halogen
waste high in BTU
(greater than
10,000 BTU/lb)
cost $.35/gal;
low BTU waste cost
$.65/gal.
* Hazmat Conference, Hamburg, West Germany, Jerome Kohl, Industrial Extension Service,
N.C. State University, 1985)
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some effects are known.  Many of the solvents found, in
paints are photochemically reactive, thereby producing smog.
Potential health hazards to the painter from solvent
exposure include dizziness, headache, blurred vision,
slurred speech and impaired memory (Elofsson, 1980; Arlien-
Soborgy, 1979; Selikoff, 1975).  The paint itself also has
toxic properties. Many of the suggested waste reduction
practices not only lower the amount of waste paint requiring
disposal but will also reduce the amount of waste that is
released into the environment.  Consequently, environmental
and occupational hazards are minimized.
With conventional painting methods, as little as 30% of
the paint sprayed actually reaches the target object
(Campbell and Glenn, 1982).  Technologies are now available
that may increase painting efficiency to as high as 99%
(Brewer, 1980) (Table 3.2).  In addition to increasing the
efficiency of paint application, paint overspray and
wastewater re-use can also be maximized to lower the volume
of waste paint produced.  It is also possible to reduce the
toxicity of paint.  In particular, the solvent component of
paint may be reduced or eliminated.  Although some
substitutions such as water clearly reduce the hazards of
paint applications, other stibstitutions like isocyanates may
increase risks.
New paint coating types that have been developed to
reduce or eliminate the amount of solvent found in paint
include:  water-based paints, high solids coating, two
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Table 3.2
Expected Transfer Efficiency of Various Painting Methods
Painting Method Efficiency
Air-atomized, conventional
Air-atomized, electrostatic
Pressure-atomized, conventional
Centrifugally-atomized, electrostatic
Roll coating
Electrocoating
Powder coating
30 to 60%
65 to 85%
65 to 70%
85 to 95%
90 to 98%
90 to 99%
90 to 99%
Figure 3 • 7
Organic Solvent Emissions from Various Coating Types
In recent years, regulatory pressure has been placed on the coatings manufacturer to reduce the organic solventcontent in new paint formulations. This has resulted in coatings which are much higher in solids content.Sources: Coalings Industry Introduction to Air Quality, Canadian Paint and Coatings Association. 1981.Controlling Pollution from the Manufacturing and Coating of Metal Products, U.S. Environmental Protection Agency. 1977.ͣHow to Figure Potential Emission Reductions lor High-Solids Coatings." Industrial Fimstiing. November 1979.
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component catalyzed coatings, radiation-curable coatings and
powder coatings (Campbell and Glenn, 1982) (Figure 3.7).
Conventional solvent-based paints contain 60-80% volatile
organic solvents.  In water-based paints, up to 80% of the
volatiles is replaced by water.  With the exception of
electrostatic spray equipment, most paint application
systems do not require any major changes when switching from
a solvent-based to a water-based paint. The use of water-
based paint provides two other benefits in addition to
reducing the amount of volatile organics that are released.
First of all, the overspray from water-based paint goes into
solution in the water wash curtain in the spray booth and
can be concentrated and reused.  It is more difficult to
recycle overspray from solvent-based paints.  Secondly,
heating costs are kept down because the hot air from the
drying ovens can be recycle with water-based paints,
whereas, it cannot be recycled with solvent-based paints.
High solids coating may dotible the amount of paint
delivered over conventional low solids or water-based paint.
If the resin is well dispersed (known as non-aqueous
dispersion), a 30-60% solids content may be reached
(Canadian Paint and Coatings Association, 1981).  Two
component catalyzed coatings are poljmrethane coatings and
may contain more than 80% solids by volume.  No solvent is
needed.  A reaction occurs between iosocyanates and hydroxyl
compounds. However, because of iosocyanate's high toxicity,
robots must apply it.
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Radiation-curable coatings and powder coatings are both
made up of 100% solids (Canadian Chemical Processing, 1978;
Canadian Paint and Coatings Association, 1981).  radiation-
curable coatings are reactive monomers which are applied to
a surface and then subjected to high energy radiation.  The
high energy radiation may taie the form of ultraviolet
light, an electron begun or infrared light.  The ultraviolet
light curing process entails the use of photo-initiators
such as tioxanthones, acetophenone derivatives and benzoin
ethers.  The photo-initiators are activated by photons to
provide free radicals for the polymerization reactions.  In
the electron beam process, the substrate is heated by a
streajn of electrons resulting in instantaneous
polymerization of the coating.  The infrared process
requires more electricity than either the ultraviolet light
or electron besun process because it is a thermal process.
Consequently, its use is restricted to oddly-shaped and
thermally sensitive objects.
Powder coatings are often made up of a hybrid polyester
epozy or pol3rurethane powder (Canadian Paint and Coatings
Association, 1981).  The powder is sprayed onto the object
and baked at high temperatures until the particles fuse.
Powder coatings are ideal for recycling because the
particles do not set until baked.
Waste reduction occurs not only through changes made in
the paint coating but through changes made in the paint
application process.  Technologies are available that will
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greatly increase the paint transfer efficiency over
conventional air-atomized spray painting (Campbell and
Glenn, 1982).  With conventional air-atomized spray
painting, only 30-50% of the paint actually reaches the
target object (Brewer, 1980) (Figure 3.8).  Some combination
techniques, such as pressurized-atomized electrostatic
coating, may achieve a transfer efficiency of up to 95%
(Degussa Ltd.).  Other methods such as roll coating,
electrocoating, sputter coating and powder coating will also
greatly increase the amount of paint that reaches the target
object (Cajnpbell and Glenn, 1982).
Pressure-atomized spray painting does not use air.  The
high pressure forces the paint through the nozzle so that
65-70% of the spray reaches the target object (Brewer, 1980)
(Figure 3.9).  In electrostatic painting the object to be
painted is grounded and the gun nozzle is given the opposite
charge.  As the paint leaves the gun it picks up the charge
of the gun.  Because opposite charges attract, the paint
particles are attracted to the target object.  As a certain
section of the target object becomes coated with paint its
charge is converted to the charge of the paint and
consequently, repels additional paint (Figure 3.10).
Because of the scientific phenomena that unlike charges
attract and like charges repel, a high quality piece of work
is produced.  Electrostatic air coating will increase the
efficiency of conventional air-atomized spray coating to 70-
85% and the efficiency of pressure-atomized coating to 85-
Figure 3-8
Air-Atomized Spray Painting
A jet of compressed air impinges on the paint stream which subsequentlyatomizes the paint and propels it forward.
Source: Calculations of Painting Wasteloads Associated with Metal Finishing. U.S. Environmental ProtectionAgency. June 1980.
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Pressure Atomized Spray Painting
In airless spray painting, paint is forced through the nozzle at highenough pressure to propel the paint forward.
Source: Calculations of Painting Wasteloads Associated with Metal Finishing, U.S. Environmental ProtectionAgency, June 1980.
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95%.  A slightly higher transfer efficiency of approximately
95% can be achieved using centrifugal atomization in an
electrostatic spray gun (Degussa Ltd.).
Because transfer efficiency is never 100%, painting
should be confined to a spray booth with an exhaust fan and
filter to trap spray drift.  The booth can be washed with
water.  The overspray and water can then be
electrostatically separated and the overspray paint recycled
for further use.
Roll coating, which is also known as coil coating can
reach transfer efficiencies of between 90 and 98% (Brewer,
1980).  However, roll coating is limited to high viscosity
paints, with few or no organic solvents, and a flat or
flexible surface.  The paint is simply applied to the roller
and transferred across the object by rolling contact (Figure
3.11).
Electrocoating, also known as electrodeposition,
involves electrically coagulating water-based paint solids
onto a metallic surface (Mock, 1978).  The paint resin and
pigment are dissolved or suspended in water and given a
charge.  Then an electrical current is passed through the
water causing the particles to migrate to the metallic
object.  This is known as "electrophoresis."  The coating
coagulates and the water is removed by a process known as
"electro-osmosis."  It is ideal for hard to reach and
corrosion sensitive surfaces.  This process often eliminates
the need for the normally required second coat of paint.
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Figure 3.10
Electrostatic Spray Painting
The object to be painted is grounded and the paint is given the oppositecharge. Overspray is greatly reduced because the paint is attracted to theopposite charge on the object being painted.Source. Calculations ol Painting Wasteloads Associated with Metal Finishing. U.S. Environnnentai Protection
Agency, June 1980.
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Figure 3.11
Roll Coating
The paint Is applied to a roller and transferred to the object by rollingcontact. Roll coating can apply paint to one side only, or both sidessimultaneously.
Source: Calculations of Painting Wasteloads Associated with Metal Finishing, U.S. Environmental ProtectionAgency, June 1980.
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The transfer efficiency is particularly high because the
loose paint particles are recycled back into the coating
tank.
Sputter coating is a newly developed process that
creates an appearance similar to electroplating but requires
only one-third of the energy and less of the metal (Rainey,
1981).  Sputter coating resembles spray painting.  The
result is a very thin (500-1000 angstroms) metallic layer
sandwiched between two organic layers.  The base coat is
usually a spray-applied, 100% solids UV-curable paint.  The
base coat'serves to level the surface and increase adhesion
of the metallic particles.  The top coat is more specific to
the desired product.  Sputter coating has been used for the
application of metals such as chromium, silver, gold, brass,
bronze, aluminum, copper, stainless steel and rhodium.
Powder coating involves the use of a specially
formulated fusible paint (Campbell and Glenn, 1982).  It is
applied to the object's surface electrostatically so that it
remains in place until the object is heated.  The paint
particles are fused together in an oven.  Unlike
conventional painting, the overspray paint is particularly
amenable to recycling because the particles do not fuse
until heated.  The process is also advantangeous because no
solvents are emitted.
There are two main facets to hazardous waste reduction
in the painting process — a reduction or elimination of the
solvents found in paints, and an increase in paint transfer
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efficiency.  Although ways to minimize solvent waste are
mentioned in this section, more detail can be found in the
section on solvent waste reduction.  The most essential
factor in reducing waste paint is to increase the quantity
of paint that reaches the target object.  One method is to
apply the paint in a more concentrated form, hence the need
for solvent reduction.  Changes, such as electrostatic
coating, gbld.  also be made in the manner in which the paint
is applied to the target object.  Because there is always
some paint that does not reach the target object, some
method of recycling the overspray is also needed (Figure
3.12).
PRINTING VASTES
In 1985, industries in North Carolina generated 14,631
pounds of waste from commercial printing.  The majority of
this waste was generated by Georgia-Pacific Corporation
(Northhampton County), a manufacturer of bags, excluding
textile bags.  They generated 6381 pounds of F005 wastes,
identified as ink clean-up.  Some methods for the
minimization of printing wastes, in particular the DOOl,
F003 and F005 wastes, are covered in the section on solvent
reduction.  However, there are additional options for waste
reduction that are unique to this industry.
The printing industry has made less progress in the
field of waste reduction than most industries because of the
relatively small size of each facility.  Small facilities
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Figure 3.12
Water Bath Paint Arrestor in Spray Boott)
Spray paint impinges on a curtain of water— cascades created by water falling over a series of baffles. The paintand water mixture can be separated, permitting re-use of the water.Source: Calculations of Painting Wasteloads Associated with Metal Finishing, U.S. Environmental Protection Agency, June 1980.
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rarely have the necessary capital to make the changes needed
for waste reduction.  This is not to say that waste
reduction practice are not economical, because often they do
prove profitaJsle to the industry, just not within an
acceptELJble time frame.  However, changes in the printing
trade through the introduction of lasers, computers, and
satellites, have led to a reduction in ink use and
STibsequent waste (Caunpbell and Glenn, 1982).
The printing industry, otherwise known as the graphic
arts industry, includes the printing of advertising
materials, business forms, books, newspapers, magazines,
stationery packaging and an assortment of consumer goods.
More than 80% of the raw materials for the printing industry
are petroleum derived.  The rampant growth of the petroleum
industry has proven to be both beneficial and harmful.
Because of its growth, more than 2000 dyes, pigments, and
intermediates go into the vats of ink formulators and may
result in over one million distinct formulations
(Hendershof, 1980).  However, the rapid growth of the
petroleum industry has periodically been paralleled by a
drastic cost increase.  High prices have led many printers
to consider new areas for waste reduction (Figure 3.13).
Inks have three component parts:  pigments, which yield
color; resins, which carry the pigment and permit it to
attach; and solvents, which dissolve the resins and make the
ink workable.  Pigments, resins and solvents are all derived
from the refining of crude oil.  Non-petroleum based
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Figure  3.13
Printing Inic Raw Materiais Produced
from Crude OH
Source: "Why Printing Ink Prices Are Going to Skyrocket," Canadian Printer and Publisher, June 1980.
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oomponents include:  lead, mercury, cadmium, cobalt,
chromium and nickel.  The three major categories of
potentially hazardous waste include:  process chemicals from
platemaking and phototypographic processing; solvents,
particularly from vaporization during ink drying and
equipment clean-out; and waste pigments and other ink
additives. There are four major printing processes:
letterpress, lithography (off-set), gravure and flexography.
In letterpress printing, the image carrier is inked and
placed with pressure against the paper or other object to
receive the ink.  In off-set lithography printing, a
fountain solution is used on the press when the printed
image is not desired. An intermediate element, such as a
blanket, is placed between the image carrier and the paper.
Letterpress wastes contain only ink.  Off-set lithography
painting waste contains ink and water, maiing it harder to
recycle. Gravure and flexography are used less often than
either letter press or lithography printing.
Although waste reduction options are fewer in the
printing industry than in many other industries, even the
smallest facility may benefit from a waste audit and
improving process controls.  Exeumples of processes that
serve to minimize waste are an electronic system that
detects web breaks in web offset printing and an automatic
ink leveller (Graphic Arts Monthly, 1981).  To reduce waste,
the web breaks are detected in a non-contact fashion that
will not smear ink or increase the web.  The ink leveller
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maintains the optimum amount of ink in the ink well for
application, eliminating waste around the press.  Both
products are manufactured by Oxy-Dry Corporation (Elk Grove
Village, Illinois) (Campbell and Glenn, 1982).
Most inks are solvent-based.  Solvent loss results
primarily from solvent emissions from ink drying and spent
solvents from equipment cleaning.  Possibilities for solvent
waste reduction are discussed in the section on solvents.
Capital investments for solvent recovery may present a
greater problem to the small facility than to the large
facility but are often still vieLble (Campbell and Glenn,
1982).  However, it is important to note that the technology
is availetble to recycle waste letterpress, lithography or
Di-Litho Inks.  In addition, not only does recycling waste
ink save money, it produces a better looking product.  New
developments are not only needed to make solvent recovery
less of a prohibitive option to small facilities but also to
reduce or eliminate the use of solvents within the
production process (TaJale 3.3).
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Table 3.3
Water-Based and Solvent Inks:  Comparison of Properties
Properties
Economics
Print Quality
Ease of Handling
Air Pollution Abatement
Drying
Adhesion
Gloss
Raw Material AvailaJaility
Water- Water-
based based
in 1979 . in X9SS
Equal Superior
Eqpial Equal
Superior Superior
Superior Superior
Slower Slower
Inferior Equal
Inferior Equal
Equal Superior
Source:  "Propose Water-Based Inks as Answer to Meeting EPA
Pollution Guidelines," Graphic Arts Monthly,
September 1979.
Water-based inks, high-solids inks and ultraviolet (UV)-
curables are all substitutes for the more common solvent-
based inks (Cajnpbell and Glenn, 1982).  However, there are
problems.  Water-based inks require more energy to dry than
solvent-based inks.  Furthermore, water-based inks are not
solToble in water once dried, therefore, the press can not be
shut down periodically.  Ultraviolet inks use chemicals that
are potentially as harmful as solvents.  Instead of the
potential air pollution problem that exists with solvent-
based inks, UV-curable inks potentially pollute the air and
water if improperly disposed (Cajnpbell and Glenn, 1982).
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These inks are based on an epoxy acrylic resin system with
low molecular weight acetates.  Conversion costs are low to
change from solvent-based inks to water-based inks, but high
to change to ultraviolet curacies.  The Adolph Coors Company
found it to be economically advantageous to switch to the
UV-curable system to produce their image on aluminum cans.
While the UV inks cost 20% more than polyester thermal inks,
energy costs are 60% less than for a conventional gas-fired
oven.  In addition, capital costs for a UV curing oven are
one-half those of a thermal oven (Figure 3.14) (LeFevra,
1981).
The printing industry may not approach other larger
industries in waste reduction, but slow changes in waste
recycling and substitution of solvents should lead to an
expansion of waste minimization.
ELECTROPLATING WASTES
In 1985, there were approximately 102,788 pounds of
hazardous waste generated from electroplating processes in
North Carolina that were sent to the GSX secure landfill in
South Carolina.  The exact quantity of waste generated by
electroplating is not known because all generators do not
classify their wastes as electroplating wastes nor do all of
the EPA waste numbers include electroplating.  Over half of
this waste was chromate sludge generated by O.M.C.
Burnsville (Yancey County), a manufacturer of internal
combustion engines.  Their waste totalled 57,350 pounds and
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was classified as F019 (wastewater treatment sludge from the
chemical conversion coating of aliiminum).
Electroplating involves coating metals or occasionally
plastic with one or more relatively thin, tightly adherent
layers of metal.  An electric current is passed through a
plating solution so that the positively charged metallic
ions in the solution adhere onto the negatively charged
object to be plated.  Electroplating is done because the
base material, which was chosen for economic or structural
reasons does not have the desired surface.  A different
surface may be chosen not only for appearance but also for
such other characteristics as resistance to corrosion.
In a typical electroplating process, the objects to be
plated are placed on a conveyor rack and dipped in a series
of tanks containing cleaning, etching, plating, and rinsing
solutions.  Washing is required after each stage.  The
solution used for washing is normally waste.  It may be
contaminated with acids, bases, cyanides, metals,
brighteners, cleaners, oils and dirt.  The most toxic
contaminants are cyanide and hexavalent chromium.
Electroplating wastes cannot be discharged to a municipal
sewage treatment plant because the metals are toxic to the
bacteria that are essential to sewage metabolism.  Because
of water shortages and increased difficulty in obtaining raw
materials, methods for recovering both water and raw
materials are presently being sought.  Additional incentives
for resource recovery include:  the rising cost of water,
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the rising cost of hazardous treatment and disposal, and the
rising cost of transportation of both raw materials and
waste.
Until recently, very little recycling or recovery of
metals was undertaJcen.  A classic exeumple involves the
automobile industry — for every pound of metal that leaves
the plant plated on an automobile rim or piece of galvanized
steel, nine pounds leaves as a sludge in the wastewater
stream (U.S. General Accounting Office, 1980).
Conventionally, chemicals are added to the wastestream to
form a precipitate from which a large portion of the water
is removed.  The precipitate forms a wet sludge which is
sent to a landfill and the water enters a sewer.  The
potential for groundwater contaumination is great from the
landfilling of sludges.  It is technically possible to
recover large portions of the wastes that are landfilled.
From 80-90% of the copper, 30-40% of the zinc, 90-95% of the
nickel and 70-75% of the chromium presently wasted, can be
recovered (Ceunpbell and Glenn, 1982) (Table 3.4).
Waste recovery begins with good housekeeping.  Large
amounts of electroplating waste can be eliminated by
reducing the niimber of spills, drips, and leaks.  Careful
calculations can eliminate or reduce excess plating bath
solutions of the wrong quantity or composition.
Furthermore, process modifications can reduce both the
toxicity and volume of the wastestream.  Some highly
effective process modifications include:  properly designing
Table 3.4
Overview of Various Handling Alternatives for Metal-Containing Wastes*
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Opt i on
Improve house¬
keeping practices
to minimize waste
generation
Limitations
Management must be
amenable to
procedural changes
liability
Reduced
Economics
Little or no
capital
investment
Change process
to minimize or
elminate waste
generation
Process and management
must be amenable to
change
Greatly reduced or
eliminated
Depends on
particular
situation
RecycIe
in-piant
Capital for equipment,
operating and main¬
tenance problems
and expenses
Greatly reduced or
eliminated
Depends on
particular
situation
Recycle out-of-
plant
Concentraton levels of
contaminants in
solutions and sludges,
modification of
process may be
necessary
Greatly reduced,
but:
transporation,
failure of
recycler, disposal
of residue
Process
modification
expense,
transportation,
usually cheaper
than landfilling
Solidify-place
in secure
landfill
Expense for solidifi¬
cation process as
well as for secure
landfill
Reduced, but:
transportation,
future site
problems
$25-$250 per ton
for solidifcation,
$85-$100 per
barrel for
secure landfilling
Secure landfill No free liquids
future site
problems
Transportation;
barrel
$85-$100 per
Solidity-place
in non-secure
landfill
Deli sting may be
withdrawn; site
problems
$25-$250 per ton
* Kohl, Pearson, and Triplett. Waste Management Advisory Note. Volume 22, 1984.
Reducing Hazardous Waste Generation with Examples from the Electroplating Industry.
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and racking of parts to minimize the drag-out or drag-in of
process solutions, counter-current rinsing, substituting
toxic agents with non-toxic or less toxic agents, adding
surfactants or other wetting agents to cleaning solutions,
anodizing baths or plating solutions to reduce surface
tension, and msLXimizing drip-time in line operation, ideally
with an air blow-off (Stewart and Lancy, 1981).
It is necessary to rinse an object well after a plating
bath.  If only one rinse tank is used, large quantities of
water are wasted because the final rinse must be relatively
clean water.  With counter-current rinsing, three or four
tanks are used to rinse the object.  Clean water is added to
the final rinse tank.  Water flows from the final rinse tank
towards the first rinse tamk in the opposite direction to
the movement of the object to be cleaned.  With counter-
current rising, clean water need be added only to the final
rinse tank.  Wastewater is removed only from the first rinse
tank.  This water may have a high enough metallic ion
concentration to be returned directly to the plating bath.
However, it is more likely that distillation will be
necessary.  The separation of plating solution and excess
water can be accomplished in a number of ways including:
evaporation, electrolytic metal recovery, reverse osmosis,
and ion exchange (Campbell and Glenn, 1982).  The water from
the distillation process may go directly to the final rinse
tank and the residue may be returned to the plating bath.
The benefits of additional rinse tanks decreases as their
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number increases (Figure 3.15).  An exajnple comparing the
number of tanks used to the amount of water saved is shown
in Figure 3.16.  An example comparing the relative expense
and savings per number of tanks used is shown in Table 3.5.
Table 3.5
Manufacturing and Coating of Metal Products
Economics of Staged Rinsing for One Set of Conditions*
Number
of
Stages
Water
Flow
fGPD)
Total Water
Costs (a)
C$/vr)
Incremental
Capital Cost
Payoff
on Initial
Investment
1 125,000 $35,000
2 12,000 $ 3,400 $25,000(b) 1 year
3 1,500 $   420 $35,000 3 years
4 250 $    70 $45,000 29 years
(a) Total water costs (purchase plus treatment) at
$.85/1,000 gallons.
(b) Initial investment allows for modifications to hoisting
system.  Additional labor not included.
* From "Controlling Pollution from the Manufacturing and
Coating of Metal Products," U.S. EPA. Environmental
Research Information Center. Technology Transfer, May
1977.
Metals can also be recovered using electrolytic metal
recovery, which bears a direct resemblance to electroplating
(Campbell and Glenn, 1982).  In electrolytic metal recovery,
a direct electric current is passed through a metal-bearing
solution by means of cathode plates and insoluble anodes.
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Figure y. 15
Counter-Current Rinse System
Counter-current rinsing is used to reduce the total amount of water
required to rinse the product. The product is rinsed first in the most
contaminated rinse bath, and last in the cleanest bath. Clean water is
added to the last rinse tank, which overflows up the row of rinse tan/rs in a
direction opposite to the movement of the product.
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The current flows from the positively charged anode to the
negatively charged cathode.  The positively charged metallic
ions are attracted to and deposited on the cathode plate,
this continues as long as there is a current.  Metal
accumulations may reach one-half inch.  At that point, the
power is cut and the cathode is removed and cleaned.
Cleaning of the cathode is a very simple process which takes
approximately ten minutes to rinse and clean.  The recovered
metal is either foil or powder and has a very high resale
value.  Metal recovery may reach as high as 99%, but is
generally between 90-95% (Hutt, 1980).  Advantages, in
addition to high recovery rates, include:  low energy
requirements, little need of labor, and easy integration
into an existing system through conversion of an existing
rinse tank into a metal recovery unit (Figure 3.17).
Evaporators can be used to distill rinsewater until it
is concentrated enough to return to the plating bath
(Campbell and Glenn, 1982).  Evaporators are most cost
effective when the rinsewater is already highly
concentrated, as is the case following counter-current
rinsing. A closed loop system is ideal, whereby the
concentrate is returned to the plating bath and the water is
added to the final rinse tank.  There are four major types
of evaporators:  rising film evaporators, flash evaporators;
submerged tube evaporators and atmospheric evaporators
(Figure 3.18).
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Figure  3.17
Typical Metal Finishing Application
A metal finishing recover/ operation, which circulates the process bath
through an electrolytic plating recovery cell.
Source:   How to Electrolytically Recover Metals from Finishing Operations," Industrial Finishing, April 1980.
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Figure 3.18
Closed-Loop Evaporator System at
Sommer Metalcraft
In addition to recovering waste heat from the chromium plating tank, the
evaporator system returns distilled water to the last (fourth) counter-
current rinse tank. A continuously operating cation exchange unitremoves copper ions and otiier contaminants from the rinsewater.
Source: "Recovery Pays at Sommer Metalcraft." Industrial Finishing, June 1980.
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A rising film evaporator is used to break wastewater
into a vapor and droplet mixture with a shell and tube heat
exchanger (Campbell and Glenn, 1982).  The wastewater covers
a heated surface in a very thin film.  Evaporation is
carried out under low pressure to prevent the chemicals from
bresiking down and to lower the boiling point.  The
evaporated water is condensed and added to the rinse tanks.
The plating solution is re-routed through the evaporator
until it is concentrated enough to be returned to the
plating tank.  Flash evaporators are identical to rising
film evaporators except that the excess heat generated in
the plating bath is used to raise the temperature of the
wastewater to its boiling point.  Rising film evaporators
require an outside source of heat.
Submerged tube evaporators are heating coils iinmersed in
a holding tank of boiling rinsewater (Campbell and Glenn,
1982).  The plating solution is not recirculated
continuously.  Atmospheric evaporators differ from the other
forms of evaporators in that the rinsewater is not heated,
instead, air is blown across the rinsewater continually.
The humidified air is drawn off and expelled into the
atmosphere.  About 20% more steam heat is needed than for
other systems.  Experience has shown that evaporators have
little down time and require very little maintenance.
Reverse osmosis goes against the natural osmotic
pressure, in which water flows from a dilute to a
concentrated solution (Campbell and Glenn, 1982).  Instead,
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pressure is applied to the concentrated solution forcing
water to leave this solution through a semi-permeable
membrane and flow into the already more dilute solution.
Semi-permeaJ3le membranes resist the the movement of most
dissolved minerals and organics.  Either the molecules do
not pass through the membrane or they are repelled by the
meinbrane's composition.  Because the resulting water
contains less than 10% dissolved solids, it can go directly
to the final rinse tank (Figure 3.19).  Energy requirements
are two hundred times less for reverse osmosis than for
evaporation (Canadian Chemical Processing, 1978).  Manpower
requirements are limited to monitoring the feedstock and
effluent quality.  However,the major advantage is that it is
not only the metals that are recovered and returned to the
plating bath, but the other additives as well. An example
of the successful use of reverse osmosis towards the
recovery of nickel salts can be found at Acme-United
Corporation in Fremont, North Carolina.  A savings of
$40,000 a year was achieved from the following reduction:
deionized water, nickel chloride, nickel sulfate, boric acid
and waste treatment sludge, resulting in a payback period of
two years (Case Study 3.12, Waste Management Advisory Note.
1984). Reverse osmosis is not widely used because it is a
new and unproven technology.
Ion exchange can also be used to concentrate the
chemical contaminants in rinsewaters and anodizing baths
(Campbell and Glenn, 1982).  Ion exchange is based on the
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Figure ^'^'^
Tubular Reverse Osmosis
By applying external pressure to a concentrated salt so/ution, water can
lie made to flow from tfie salt solution ttirougti the semi-permeablemembrane to the dilute solution.
Source: "Reverse Osrrxisis," Water and Sewage Works, Reference Issue, 1979.
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fact that certain resins act on ion solutions and
selectively replace some of their own ions with ions from
the solution.  The rinsewater is passed through the resin
until its aJjsortive capacity is reached.  The resins can be
regenerated using a highly concentrated solution of another
chemical that replaces the ions given up by the ion exchange
process.  Because oil, wetting agents, and organic
brighteners may foul the ion exchange unit, the rinsewater
should be run through an activated carbon filter first
(Figure 3.20).
Although many of these processes reduce both the volume
and toxicity of electroplating wastestreajns significantly,
some waste will be generated in each process.  This waste
sludge should be dewatered as much as possible and then
disposed of in a secure manner, such as fixation or
encapsulation.  Dewatering and secure disposal reduces but
does not guarantee the prevention of groundwater
conteunination following disposal.  Options for sludge
dewatering are discussed in the section on physical
treatment of electroplating wastes.
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Figure   3.20
Ion Exchange Acid Purification
In the first stage, spent add Is adsorbed Into the resin particles of the acid
purification unit and the metallic salts pass Uirough the unit. In the
second stage, the resin is flushed with tap water to dispiace the adsorbed
acid. The purified acid is returned to the baths.
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IV.  WASTE TREATMENT TECHNOLOGIES
While waste minimization is clearly the best option to
reduce land disposal of hazardous wastes in North Carolina,
it is not always the most immediately feasible option.
First of all, overcoming the resistance to change within
industry takes time.  Secondly,although many waste
minimization technologies are economically viable in the
long run, they often require significant capital
expenditures at the outset.  Finally, the time required to
maie technical changes within the manufacturing process
accentuates the need for immediate solutions to waste
management.  Consequently, during the interim period when
political, economical and technical constraints dominate,
alternatives to land disposal beyond waste minimization are
needed.
Numerous treatment alternatives exist to reduce both the
volume and toxicity of North Carolina hazardous waste.  They
include physical, biological, chemical and thermal
treatment.  While many of the wastes may be treated by more
than one method, economics, acceptaible residuals, and
manageable air and water contamination dictate the treatment
method.  Often wastes will require more than one type of
treatment and will still leave some residual.  The residual
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waste may require disposal in a secure landfill or may no
longer be classified as hazardous waste and may be placed in
a sanitary landfill or municipal sewage treatment plant.
The major types of hazardous waste generated in North
Carolina and shipped off-site for land disposal include
organic solvents, electroplating wastes, spent cyanide
solutions and lead.
TREATMENT OF ORGANIC SOLVENTS
Organic solvents comprised the largest portion of North
Carolina hazardous wastes shipped to the GSX landfill in
Pinewood, South Carolina in 1985.  These wastes included:
DOQl (ignitable), FOOl (halogenated solvents), P002
(halogenated solvents), F003 (non-halogenated solvents) and
F005 (non-halogenated solvents). Of the one million pounds
of organic solvents that were sent to the landfill, over
800,000 pounds was the cosmetic sludge (F003) generated by
MgLX Factor Company.  As already noted, this volume is
expected to drop significantly due to the ban of F001-F005
wastes from landfills effective November 8, 1986.  Organic
solvents can be treated by using various detoxification
alternatives that fall within physical, biological, chemical
and thermal treatment.
(1)  Physical treatments that are applicable to the
detoxification of organic solvent wastestreeims include
reverse osmosis, ultrafiltration, distillation, evaporation
solvent extraction and adsorbtion. Reverse osmosis
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separates the dissolved ionic and non-ionic components of a
solution (Figure 4.1).  Because of the fragile membrane,
reverse osmosis is not suitable for pure organics and the
energy requirements for this process are very high.
Ultrafiltration is like reverse osmosis except that low
molecular weight components, such as salts, are allowed to
pass through the membrane, while organics are not.
Solutions to be treated by ultrafiltration may contain
higher levels of organics or acids and bases and be treated
at lower pressures than those to be treated by reverse
osmosis.   Paint wastes classified as DOOl and F005 are
particularly amenable to treatment by filtration or
evaporation (Ghau, 1981).  Distillation is used to separate
solvents of different boiling points.  The ink waste
classified as F005 may be treated by either evaporation or
distillation (Chau, 1981).  Solvent extraction is used to
remove organic substances from aqueous wastestreams (Figure
4.2), however, because it is very expensive, the use of
solvent extraction is limited to those wastestreams
containing valuable organics.  Carbon aibsorbtion is used to
remove low concentrations of organics from wastestreams
(Toxic Waste Assessment Group, California, 1981).
For that portion of the waste classified as sludge, in
particular the cosmetic sludge, a filter press may be
brought onsite to dewater the sludge.  The filter press has
been developed as a mobile unit that is contained in a
trailer and brought on site to dewater sludge.  A filter
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press can produce a sludge cake of 40-50% solids that may
either be incinerated or landfilled.  The use of a filter
press is limited to a batch reaction, consequently, sludge
holding facilities are necessary.  If continuous dewatering
is desired, a vacu\im drum filter can be used.  The vacuum
drtim filter produces sludge cakes of only 20-40% solids.  A
filter press can also be installed directly on site but the
cost is high (Toxic Substances Control Division. 1986).
(2) Although biological treatment is only suitable for
a limited number of hazardous wastes, with relatively low
toxicities, it is an important option in the management of
hazardous non-halogenated organic wastes (Table 4.1).
Biological treatment is most effective for the treatment of
wastestreams that have low concentrations of organics.
Biological treatment is ideal in many cases because the
final effluent can be discharged directly to a body of water
or to a municipal sewage treatment plant (POTW).
Furthermore, the more basic biological treatment systems,
such as activated sludge tanks and trickling filters, are
not exhorbitantly priced.  In addition, environmental
pollution and residual waste disposal do not pose the
problems in biological treatment as they might in other
treatment systems.  Energy requirements are also low in
comparison to most waste treatment technologies.
Activated sludge tanks are only effective for the
treatment of wastes containing less than 1% contaminants
which are primarily organic.  With biological treatment, it
Table 4.1
Wastewater Parameters Commonly Used for Assessing Treatability
Parameter Direct Implications Secondary Implications
pH
Alkalinity/acidity
Nonfilterable residues
103°C and 550°C
Settleable solids
Filterable rsidues
103°C and 550°C
<3 or >12 constitues a
hazardous waste pH
control may reduce
heavy-metal levels
Determines reagent
requirements for
neutralization or
pH adjustment
Insoluble hazardous
wastes in suspension
Toxic chemicals sorbed
on particulates
A measure of solute
concentration in the
form of stable
residues at the
specified temperature;
residue at 550 C
indicates stable salt
concentrations that
impact ion-exchange
and membrane processes
pH control may be required as
pretreatment for a nymber of
different processes
High reagent requirements for
neutralizatoin result in high
salt concentrations in
treated effluent
Pretreatment for ion exchange,
activated carbon, membrane
process
High concentration of dissolved
sales may adversely affect
biological treatment; discharge
of salt waste to receiving
waters may be restricted
Table 4.1 continued
Conductivity Indicates dissolved
electrolyte concen¬
trations that may
include volatile salts
such
escape
determinations
as NH.HCO3 that)e residue
Impacts ion-exchange and
processes
Chemical oxygen demand
(COD)
May represent toxic
organic chemicals
Governs biological treat¬
ment process design (by
correlation with BOD)
Biochemical oxygen
demand (BOD)
Total organic arbon
Heavy metals
Specific hazardous
components
May represent toxic
organic chemicals
May represent toxic
organic chemicals
Toxic constituents of
a waste
Hazardous constituent
of a waste
Governs biological treat¬
ment process design
Indication of refractive
organics in effluents
Major components of
sludges
May adversely affect
biological treatment
Dawson, G.W. and B.W. Mercer (1986).  Hazardous Waste Management, John Wiley & Sons.
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is possible to remove some metals as long as the metals are
not toxic to microorganisms.  Trickling filters are also
only effective for wastestreams with less than 1% organic
solids content (Toxic Waste Assessment Group, California,
1981).  Examples of wastestreams shipped from North Carolina
to the GSX landfill that would be suitable for biological
treatment include:  acetone (F003, Kimberly-Clark
Corporation, 1000 pounds); mixed ketones (POOS, GE
Microelectronics, 3200 pounds); waste acetone (F003,
Burroughs Wellcome Co.. 136 pounds); and waste acrolein
(P003, Burroughs Wellcome Co., 3 pounds).  The relative
costs of biological treatment and physical separation
processes are shown in TsLble 4.2 and 4.3.
(3) Chemical dechlorination is a newly developed
technology that can be used to strip chlorine atoms from
highly chlorinated toxic compounds to produce non-toxic
residues.  The chlorine atoms are removed by a metallic
sodium reagent, sodium napthalene tetrahydrofuran (Toxic
Waste Assessment Group, California, 1981).  Some of the
spent halogenated solvents (F002) shipped off-site in North
Carolina that might be treated by chemical dechlorination
include:  freon/IPA (NTI Digital Switching, 92,000 pounds),
paint thinner (Miller Brewing Company Container Division,
5005 pounds), and spent liquid (General Electric Med Steam
Turbines, 28,800 pounds).
(4) Contaminated solvents are ideal candidates for
incineration.  Wastes with a B.T.U. greater than 5000 are
Table 4.2
Costs of Biological Treatment Processes (1000 gal =  3.8 m )
Treatment Process
Costs for 0.1-mqd Facility
Total
Total    Annual
Capital Operating   Cost per
($1.000) ($1.000)   1000 gal ($)
Costs for 1.0-mqd Facility
Total
Total    Annual
Capital Operating  Cost per
($1.000) ($1.000)  1000 gal ($)
Activated Sludge 405
Aerated lagoon 210
Land application (sludge)
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30
1.72
0.82
1,310
380
67
270
57
13
0.74
0.16
0.04
Includes secondary clarification
Arthur D. Little, Inc. (1976)  Physical. Chemical, and Biological Treatment Techniques,
U.S. Environmental Protection Agency Report.
-J
Table 4.3
Costs of Physical Separation Processes (1000 gal = 3.8 m )
Costs for 0.1-mqd Facility       Costs for l.O-mqd Facility
Total Total
Total    Annual Total    Annual
Capital Operating   Cost per Capital Operating  Cost per
Treatment Process     ($1.000) ($1.000)  1000 gal ($) ($1.000) ($1.000) 1000 gal ($)
Activated carbon
adsorption 360       110      3.01 1600    260       0.71
Evaporation^ - -       - 1300 5342 8.99
Reverse osmosis 180 55 1.51 950 370 1.01
Solvent Extraction** 230 260 7.88 1300 770 2.33
Steam stripping^ 130 90 2.57 600 520 1.49
Costs are for 2 mgd, with a six-effect evaporation (Arthur D. Little, Inc, 1976).
330 operating days/yr
*" 350 operating days/yr
Arthur D. Little, Inc. (1976)  Physical, Chemical, and Bioloqical Treatment Techniques,
U.S. Environmental Protection Agency Report No. SW-148c.
-J
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considered to be incinerable.  Hazardous wastes with a
B.T.U. below 5000 may be burned if they are blended with
wastes having a high B.T.U. or the heat recovery system is
very good.  Presently, the Environmental Protection Agency
allows wastes with a B.T.U. above 5000 to be burned as
supplementary fuels in on-site boilers and state permitted
off-site incinerators designed for resource recovery.  Off-
site incinerators burning wastes with a B.T.U. below 5000
require an EPA Hazardous Waste Facility Permit.
The waste residual from incineration is small in volTime
and often of low toxicity.  In some cases the residual may
be disposed of in a sanitary landfill instead of the more
costly hazardous waste secure landfill.  However, the ash
may contain salts, metals or trace non-combustibles that
would require disposal in a hazardous waste landfill.  With
the exception of at sea incineration, air pollution control
equipment is necessary.  There are three types of air
emissions that are produced from waste incineration:
(1) particulate matter, (2) combustion products such as HgO,
COg, and certain oxides and acids, depending on the initial
waste, and (3) uncombusted organic matter, which must be
less than 0.01% of the initial waste volume according to
Federal regulations (Toxic Waste Assessment Group,
California, 1981).  There may also be some liquid effluent
from scrubbing devices.  This effluent is generally treated
and sent to a municipal landfill.
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There are a number of wastes that were sent to the GSZ
landfill in Pinewood, South Carolina in 1985 that would be
suita±)le for incineration.  They are (listed by waste
number):  FOOl, F002, F003, F005, DOOl, KOOl, P003, U003,
U012, U070, U161, U165, U190 and U191 (Hazardous Waste in
North Carolina:  Analysis of the Collection System and of
the Need for Waste Management Facilities, 1985 Report
#H85RPT27, Solid and Hazardous Waste Management Branch).
These waters totaled over one million pounds.  The F003
wastes represented more than 80% of these wastes.  There are
a number of incinerators that are suitable for hazardous
wastes.  These include:  fixed hearth, liquid injection,
rotary kiln, fluidized bed, multiple hearth incinerators and
molten-salt incinerators.  The type of incinerator chosen
depends on the waste form, desired incineration rates, and
ease of destructability of the waste (Teible 4.4).
A crude comparison of unit costs of incineration with
other waste management practices is shown in Table 4.5.
An economic comparison between the incineration and the
reclamation of 1000 gallons of waste solvent is made in
Table 4.6.
TREATMENT OF ELECTROPLATING WASTES
Although electroplating wastes total only approximately
one-tenth of the solvent wastes sent to the GSZ landfill,
their total quantity is still significant.  Over 100,000
pounds of electroplating wastes were shipped to the GSX
Table 4.4
Thermal Treatment Techniques
Unit Type
Waste
State
Benefits
and
Limitations
Cost Air Pollution
Per     Control
Ton     Devices ill
Residence
Time
(seconds)
Fixed hearth solid
liquid
Liquid injection Liquid
(land)
not suitable for very
stable compounds     150
liquids or slurried  300
waste
Liquid injection liquid  liquids or slurried  200
(ships) state (not
regulated yet)
Rotary kiln
Fluidized bed
Molten-salt
solid
liquid
sludges
gasesous
solid
liquid
gaseous
accepts drums and    <600
other containers
solids must be    varies
presized and
preheated
solid   regenerate or
liquid  replace salt bed
gaseous periodically
not necessary 600 to 1600 <1
electrostatic 1200 to 2400 0.5 to 2.0
precipitators
and scrubbers
not necessary 2300 to 2400 2.0
baghouses or  1500 to 2900  2 to 5
electrostatic
precipitators
and scrubbers
baghouses or  900 to 2300 0.8 to 2.5
electrostatic
precipitators
not necessary 1400 to 1850
Table 4.4  continued
Cement kilns    solid ideal for         varies not necessary >2600       10 seconds
liquid chlorinated                                      to hours
gas wastes
Pyrolysis      solid absence of oxygen    ?    closed chamber 300 to 1200 varies
liquid
(Toxic Waste Assessment Group, California, 1981; Toxic Substances Control Division,
California, 1986)
00
o
81
Table 4.5
Unit Costs for Various Waste Management Practices
Type of Mangement    Type or From of Waste
Price 1981
$/metric
tonne
Landfill (a) Drummed
Bulk
$168 - 240
$ 55 -  83
Deep Well Injection  Oily wastewater
(a)
Toxic rinse water
$ 16 - 40
$132 - 264
Chemical Treatment
(a)
Acids/alkalines
Cyanides/heavy metals,
and highly toxic
waste
$ 21 - 92
$ 66 - 791
Land Incineration
(a)
Liquids
Solids and highly
toxic liquids
$ 53 - 237
$395 - 791
Ocean Incineration   Chlorinated hydrocarbons  $200 - 250
(b)
Polychlorinated biphenyls $500 - 800
(a) Source: Booz, Allen and Hamilton, Inc. - Based on
interviews.
(b) Source: Kidder, Peabody and Company, Inc. - Based on
Kidder, Peabody estimates, April 1982.
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Table 4.6
Economic Comparison of Incineration versus Reclamation
of 1000 Gallons of Waste Solvent
If Incinerated            If Reclaimed
Incineration cost            Solvent reclamation
@ $.40 per gallon   $400     @ $.60 per gallon
recycled $480
Residue disposal
cost @ $.30 per
gallon disposed $ 60
Total Incineration  $400
Cost
Total Recovery Cost  $540
New solvent cost to
replace 800 gallons
of recycled solvent $1,344
New Solvent Cost
Total Cost $ 1,744 Total Cost $540
Savings compared
to incineration
alternative $1,200
* Based on solvent recovery efficiency of 80%
Source:  Hukill Chemical Corporation, 1981
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landfill in 1985.  Because of their metal content, land
disposal of electroplating wastes poses significant
environmental risk due to potential ground water
contajnination.  The highly acidic nature of electroplating
wastes enhances the possibility of container leakage and
subsequent migration through the landfill liner and into the
soil and water table.
Methods for treating these waters are needed.  The
valuable metal content of these wastes often meikes it
extremely economical to combine a treatment process with a
recovery process.  While electroplating wastes are not
suitable for biological or thermal treatment, there are a
number of effective methods of physical or chemical
treatment.
(1) Treatment by reverse osmosis is ideal for ionic
compounds, including heavy metal solutions.  Ultrafiltration
can be used to treat paint wastes from electrocoat painting;
evaporation is often used to concentration rinse waters so
that they can be returned to the electroplating baths; and
electrodialysis which has not been frequently used, but has
potential application in the recovery of inorganic acids and
bases containing zinc, copper, iron, and other metals.
Vhile the metal content of the electroplating wastes (F006)
was not specified, the F006 wastes, by definition, contain
aluminum, tin, and zinc.  Other potential applications
include some of the "D" wastes which contain cadmium.
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chromium, lead, mercury, selenium and silver (Tozic Waste
Assessment Group, California, 1981).
Electroplating sludge can be dewatered using a filter
press, a vacu\im filter press or a centrifuge.  Solids
content following dewatering will vary from a low of 20% to
a high of 90% (Toxic Substances Control Division,
California, 1986; Metropolitan Environmental Advertisement
pamphlet, 1987).
(2) Neutralization and precipitation are importsmt
options for the highly acidic metal containing
electroplating sludges.  Precipitation must be preceded by
pretreatment to remove cyanides and oils and to reduce CrVI
to CrIII.  Ideally the precious metals should be removed
prior to precipitation.  If lime is used as the reagent,
large amounts of sludge requiring disposal are produced.
Purchase and installation costs are high and periodic
maintenance is required.  For less sludge, caustic soda
(NaOH) can be substituted for the lime.  However, the high
cost of soda ash is not offset by the savings from reduced
sludge disposal costs and reduced installation costs.  In
both cases, coagulants (flocculants) are added to facilitate
solids removal (Tozic Substances Control Division,
California, 1986).
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TREATMENT OF OTHER HAZARDOUS WASTES
A number of North Carolina wastes may be treated by
chemical oxidation and reduction (Toxic Waste Assessment
Group, California, 1981).  These include:
D008 15,910 pounds
F007 30 pounds
FOll 20,144 pounds
P030 53 pounds
U188 135 pounds
U037 12 pounds
U048 1000 pounds
lead
spent cyanide plating bath
solutoins from electroplating
spent cyanide solutions from
salt bath cleaning
soluble cyanide salts
phenol
chlorobenzene
O-chlorophenol
A niunber of the D002 wastes generated in North Carolina
(Technibilt Division Of, Western Roto Engravers and ESB
Incorporated) contain sulfuric acid.  The recycling of
sulfuric acid is exempt from hazardous waste regulations.
In particular, sulfuric acid is exempt from the 90-day
storage time limit, and its transport to a recycling
facility is exempt from manifesting requirements.  Through a
series of reactions including catalytic oxidation, sulfuric
acid can be regenerated (Toxic Substances Control Division,
California, 1986).
In summary, there are a number of alternatives to reduce
the quantity of hazardous waste that is landfilled.  While
the waste that is presently landfilled can be expected to
86
decrease in the future with the implementation of waste
minimization techniques, viable waste treatment processes
are still needed during the interim period.  Furthermore,
even with the implementation of waste minimization, there
will still be some waste that requires treatment or
disposal, of which, treatment is the more desirable option.
DISCUSSION AND RECOMMENDATIONS FOR THE MANAGEMENT
OF NORTH CAROLINA'S HAZARDOUS WASTE
While it is clear that alternatives to land disposal for
hazardous waste should be sought euid pursued as rapidly as
possible, this is not always technologically, economically
or politically feasible.  Because of the many barriers
likely to be encountered in making these changes, it is
important to prioritize both the wastes and the industries
before attempting to implement any type of change.
The most obvious place to begin seeking alternatives to
land disposal is for those wastes that have been banned from
land disposal since November 8, 1986.  These are the FOOl-
F005 wastes and include both halogenated and non-halogenated
solvents.  On the asstimption that Max Factor & Company
continues to generate cosmetic sludge (F0Q3) in quantities
as large or nearly as large as 1985, these wastes are the
number one priority for both reduction and treatment.
Although reduction of these wastes is the ultimate goal,
treatment is an important immediate and long term option.
Waste exchange among different industries is also an
important immediate and long term waste management option.
When possible, solvent use should be reduced through
process changes and material substitutions.  Possibilities
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for the on-site distillation and recovery of these wastes
should also be explored.  During the installation period of
reduction and recovery equipment, these wastes may be
incinerated.  Ideally, incineration should be performed to
recover the generated heat.  These wastes can be most
efficiently incinerated with a liquid injection incinerator;
however, other waste incineration requirements will dictate
the type of incinerator to be used.  Depending upon the
specific compounds involved, pyrolysis may serve to breai
the compounds down into useful or less toxic compounds.
Pyrolysis, unlike incineration, does not cause air
pollution.  Residual waste that requires disposal in either
a secure or a sanitary landfill (depending upon toxicity) is
to be expected from both high temperature incineration and
pyrolysis.  Residual waste is also to be expected from on-
site distillation; however, it is possible that this waste
may be thermally treated instead of disposed in a landfill.
The F005 wastes are also non-halogenated solvents.
Methods for waste minimization and treatment are similar to
those of the F003 wastes.  Some of the wastes (35,200 pounds
of waste paint generated by O.M.C., Burnsville) were
generated as a result of paint application and may be
reduced by processes that are unique to that industry.
Both the FOOl and F002 wastes are halogenated solvents.
The generation of these wastes may be minimized by similar
methods to the F003 and F005 wastes.  In addition, the FOOl
wastes, which are specifically identified to be a product of
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degreasing operations, may be minimized by methods that are
unique to that process.  Although not actually lowering the
quantity of waste requiring land disposal, the replacement
of vapor degreasing by cold cleaning can significantly
reduce the quantity of solvent used.
Halogenated solvents generally require higher
temperatures for incineration than non-halogenated solvents.
Liquid injection incinerators are suitable for high
temperature incineration. A scrubbing device is necessary
to neutralize the acid fumes that are formed as a result of
burning these wastes.  Cement kilns are ideal for the
incineration of halogenated wastes because the lime used to
make cement neutralizes any acid present.  Because the waste
residual is incorporated directly into the cement, cement
kilns provide an excellent option for the management of
halogenated solvent waste.  The disadvantages include
liabilities and transporter fees if the waste is shipped
off-site.
The DOOl wastes by their very definition as ignitable
wastes are ideal candidates for incineration.  While waste
minimization techniques should be explored, these wastes are
not of high priority because they may be used either alone
or in combination with other fuels as an energy source.
Good air pollution control equipment is necessary and some
residual waste requiring land disposal is to be expected.
Because all of the F019 wastes were produced by one
generator in 1984 and two generators in 1985, possibilities
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for waste minimization within these industries should be
explored.  Waste that can not be readily eliminated should
be treated on-site if possible.  Chemical treatment, such as
precipitation, may afford the re-use of the aluminum and
some of the other raw materials present in F019 waste.
Precipitation is also an important waste management option
for the other metal containing wastes such as the D005-D011
wastes."'
The D002 wastes by their very definition as corrosive
wastes, pose great potential threats to human health and the
environment if placed in a landfill.  Because of the
corrosive nature of these wastes, the possibility of leaks
through the drums or other types of containers used in a
landfill exists. The possibility of the passage of the
waste through the landfill liner is also great.  Before
undertaking any type of treatment method, possibilities for
waste minimization should be thoroughly explored.  Corrosive
wastes are not amenaJDle to thermal or biological treatment.
However, these wastes can be chemically treated through
neutralization.  Treatment is most economical if done with
other waste streams.
There are a number of other types of wastes that are
presently shipped to the GSX landfill in Pinewood, South
Carolina for which waste minimization and waste treatment
methods are readily availeible.  Many of these wastes do not
approach some of the other wastes in quantity but they may
exceed those wastes in toxicity.  Possibilities for the
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minimization, the recycling, and the treatment of these
wastes should be thoroughly explored (Table 5.1).
Because the implementation of technological changes
within industry to bring aJDOut waste minimization will take
time, assessments and planning should begin immediately.
The potential reduction in waste that is currently
landfilled is tremendous.  While many of the available
reduction and treatment options are more costly than the
present cost of land disposal, there are many options that
are less expensive.  Furthermore, the continual rising cost
of land disposal and the ever-improving waste management
technologies are certain to msike a number of options
economically more viable.
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Table 5.1
Hazardous Waste Hintmization Options for N.C. Generators
EPA ID
Number Type of Waste Major N.C. Generators* 1985 (lbs)   Waste Minimization Options
F001-
F005
Solvents NTI Digital Switching 1,047,000
Kimberly Clark
Vicks Manufacturing
Miller Brewing
Owens-Illinois
General Electric
Celanese Fiber
Week Edward
Burroughs Welcome
ICI American
Travenol Laboratories
Waste exchange
Install floating roof storage
tanks
Install conservation vents on
tanks
Install mechanical seals on punps
Apply cold degreasing of
materials
Cover degreasing tanks when not
in use
Install solvent recovery system
Install nitrogen-based recycling
system
F001-
F005
Paint Miller Brewing 65,000  Use electrostatic, roll coating,
powder coating, or electro -
plating to improve painting
efficiency
Switch to water-based paints
Recycle overspary
F003
F005
D001
Printing Georgia Pacific 15,000  Use electronic system to detect
web breaks
Use water-based inks
F006   Electroplating O.M.C. Burnsville      103,000
F019 Acme-United
Improve housekeeping
Design process to reduce drag-
out and drag-in
Substitute non-toxic chemical
agents
Use counter-current rinsing
Install electrolytic metal
recovery process
Evaporate rinsewater in closed-
loop system
Recover metal by reverse osmosis
Concentrate chemical contaminants
by ion exchange
 Shipped off-site for treatment or disposal
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